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74a Sunday, February 16, 2014intermediatary step in either the loading or condensation reaction. We also
describe the binding of Spo0J to DNA in a number of different assays,
including a magnetic tweezer-based approach.
Chromatin and the Nucleoid
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The maintenance of gene repression is crucial for the prevention of cancer
development and progression. PRC2 (Polycomb repressive complex 2) regu-
lates the transcriptional repression of oncogenes through the tri-methylation
of histone H3 at lysine 27 (H3K27me3), which is accomplished by the PRC2
catalytic subunit EZH2. Aberrant expression of EZH2 can lead to the onset
of several highly aggressive cancers including prostate, breast, lung, mela-
noma, lymphoma, and pancreatic cancer. Efficient methyltransferase activity
of EZH2 in vivo is dependent on the presence of the PHD finger protein 1
(PHF1), however the mechanism by which PHF1 regulates EZH2 is poorly un-
derstood. We hypothesize that PHF1 interacts directly with EZH2 at gene pro-
moters and stimulates tri-methylation of H3K27, thereby facilitating silencing
at key genes. Here we report our findings from binding studies of the EZH2-
PHF1 complex and the effects of PHF1 on EZH2 methyltransferase activity.
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Folding of genomic DNA into compact but dynamic eukaryotic chromatin is
driven by attractive interactions between nucleosome core particles (NCPs)
and is inherently related to regulation of DNA replication, transcription and
repair.
However, little is known about the molecular details of the NCP-NCP contacts
as well as of the nature and scale of forces involved. Chromatin folding is sen-
sitive to both the ionic environment and to the sequence and modifications of
the positively charged N-terminal histone tails.
Combining experimental and computer modelling approaches, we study
nucleosome-nucleosome interaction in ordered phases of stacked mono-
nucleosomes as well as in folded nucleosome arrays (chromatin). Folding of
chromatin fibres and intermolecular association of NCPs have been investi-
gated as a function of ionic conditions and in the presence of posttranslational
modifications in the histone tails, prepared by semi-synthetic ligation chemistry
methods. Using sedimentation velocity analytical ultracentrifugation (AUC),
X-ray diffraction (SAXS) and single molecule force spectroscopy methods,
the dependence of NCP stacking and the stability of the folded fibres were
investigated.
Furthermore, using an advanced coarse-grained (CG) NCP model, computa-
tional modelling was used to investigate cation-induced NCP-NCP interac-
tions. The CG model takes into account the detailed shape and charge
distribution on the NCP, thus adequately describing the electrostatic interac-
tions. The experimental behaviour is mostly dominated by unspecific electro-
static interactions. However, the close NCP-NCP stacking contacts show
great sensitivity to the presence of the H4 histone tail and to modifications
within this tail.
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It is becoming increasingly clear that the dynamics of nucleosome assembly,
stability and disassembly are of key importance for DNA compaction as well
as for the control of the accessibility of the DNA for transcription and replica-
tion. Here we report a single-molecule study of the assembly of nucleosomes
which reveals unexpected dynamic chiral fluctuations of tetrasomes. We use
freely-orbiting magnetic tweezer (FOMT), which simultaneously report on
the changes in twist and length of individually tethered DNA molecules, tomonitor the loading of either (H3-H4)2 tetramers or complete histone octamers
onto DNA by Nucleosome Assembly Protein-1 (NAP1). We find that the DNA
undergoes a change in linking number DLk of 0.73 5 0.05 per assembled
tetramer, and a change in linking number of 1.2 5 0.3 turns per assembled
nucleosome. Remarkably, in the absence of applied torque tetrasomes, but
not nucleosomes, undergo spontaneous flipping between a preferentially occu-
pied left-handed state (DLk = 0.73) and a right-handed state (DLk = þ1.0),
separated by a free energy difference of 2.3 kBT. This spontaneous flipping
occurs without concomitant changes in DNA end-to-end length. Controlled
application of positive torque can convert tetrasomes that occupy left-handed
states into tetrasomes that occupy right-handed states, while nucleosomes sub-
jected to torques up to 11 pN$nm do not change chirality. These dynamics sug-
gest that the removal of the outer histones H2A and H2B, e.g. by remodelers
like NAP1, lay bare a dynamic tetrasome. This tetrasome can readily accom-
modate the build-up of positive torque, e.g. ahead of elongating RNA polymer-
ases, through conformational changes. Thus, our findings reveal a new
dynamical rearrangement of nucleosomes that offers a mechanistic explanation
for the control of DNA supercoiling upon processing of chromatin in the cell.
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Post translational modifications (PTMs) on the histone core can serve as epige-
netic markers by regulating the accessibility of DNA wrapped inside the nucle-
osome. They accomplish this by changing the rate at which DNA partially
unwraps from the histone core. Since histones often contain multiple PTMs
we made nucleosomes with histones containing distinct combinations of muta-
tions that mimic known PTMs. We then used Cy3 and Cy5 FRET labels on the
DNA and octamer to quantify the combined impact of multiple PTMs on nucle-
osome unwrapping and DNA accessibility.
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The fundamental unit of chromatin, the nucleosome, consists of DNA wrapped
around a histone protein octamer core. Histones contain a large number of post
translational modifications (PTMs), which often function as protein binding
sites. Certain transcription factors recognize these PTMs, while simultaneously
binding either nucleosomal or linker DNA, which could enhance transcription
factor binding affinity. Triple methylation of Lysine 36 (K36me3) on histone
H3 is of particular interest as it is a mark of active transcription and located in
the DNA entry-exit region of the nucleosome. Binding to K36me3 could influ-
ence the lengthofDNAwrapped into the nucleosome.Using aFRETsystemcon-
sisting of a donor fluorophore (cy3) in the entry-exit region of nucleosomalDNA
and the acceptor (cy5) attached to the c-terminal tail of Histone H2A, we probe
the influence of TF binding to DNA and H3K36me3 on nucleosome wrapping.
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High-mobility group (HMG) proteins are DNA binding proteins believed to
play a significant role in reorganizing the conformation of chromatin, which fa-
cilitates transcription, replication and DNA repair. HMO1 is a dual box HMGB
protein from Saccharomyces cerevisiae that generates strong bends in DNA.
These bends disrupt chromatin, possibly opening binding sites for other factors.
To study this architectural function, we have observed the conformation of nu-
cleosomes deposited on a surface using an atomic force microscope (AFM).
The AFM images are obtained by probing nucleosome arrays in liquid,
revealing tightly compacted nucleosomes, which are characterized by small
inter-core particle distances. Increasing concentrations of HMO1 decrease
average core particle distances, which indicates that these proteins alter chro-
matin structure. Complementary experiments utilize Optical Tweezers (OT)
